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THE ENLARGED !T.A .C .A. !TiiNK , ili~ilSOME OF ITS WORK*

By Starr Truscott

“i-hei-lwork on the original N. XL.C.A. tank was beguil in
1929, t~..ere were few pr~ce~Lel~.t~ tfi.at ~~uld be usefi in its

dzslg:l. The construction, equipment, and nethods of test-
ing of r30St Of tl_iC+ towing l)asiils in existence had been de-
veloped to suit the study of Plo?Lels Of h_Ul~S of diS~laCf3-
::.cnt craft. The resistance of such a model was determined
with tke expectation that it would be ?.ivit.ed iuto Ilfric_

tiollal’1 ieSista2Ce al”l~-‘l::zar~c-~l:kj.~~g,llor Ilrcsiduary, It re-
sistal~ce accorling. tc the ?rout.e n.cthod a;zd tt.at the re-

Sistailce Of the full-size craft WOUIJ ~~ ~sti~at~d ~:r Corn-
puti:lg the frictional resistance inde?c:atlextly and adding
the wave-;.laking resist:luce o’b’caine:?.by stepping up that of
the IJOLC1 accor?.ing to I?rou?.cl;; l,nw.

The principp<l interest was in resistf;nce at uniforn
speed, Coi”re.sp.cndip.g to the interest of th.c ship operator
in the ability of a ship to uailltain a certain or~eratir.g
s~peed indefiilitely with a nini;fiurlof power. What lWOUlii
h~.:p~~il ~.t extrer,ely hiGh speeds was of’ little interest pro-
vi.de<- tkat the resistance at the designed speed was low.

ThLe towing carric.ges of nest of the nodel basins were
m~dLe of structur~bl-ste el se~tioljs acd plczte riveted to~eth-
er allclus”~ally had four wheels with hardened and ground
steel tires. The wheels rmn on steel rails that rescr~lled
railroad rails ancl that were nachinecl to provide a straight,
Snooth, and level course for the wheels.

The naxinun sj~~~~ CJf ~Aost of the carriages was less

than 15 niles ver i~our.

T!HllORIGINAL N.A.C.A. TANK

With such precedents, we began the desi,xn of a towing
basin i~%~nd.efL to test illOdelS of seaplane floats and hulls.—
*!l~er vergr5sserte l~ACA-Sclilepl~]<a~lal und einiges iiber seine
Arbeitsweise. 1’Jahrbuch 1938 cler deutschen Luftfahrtforschting
(SUj?plCr2cllt~ry VOlUr3e, ), pp. 3’74-95. /
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These models were of craft that ~.tier”enot true water craft

at all but used the water only as a means. of ten??orary SUP-
port when at re~t, when landing,’ or when taking off into

their proper element -the air. When the craft was in mo-

tion, the lead on the water varied; in a take-off it changed

continually from a maximum to zero as the machine passed
from Oile elemeilt to tile other. The water resistance varied
from zero to a maximum and back to zero as the speed in-
creased, aild could not be divided into frictional resistance
and wave-making resistance in any simple manner because the
wetted surface varied continually through the take-off run.
Fort’mately, the full-size aircraft were not very large -
compared ‘witfi s’hips - and models of moderate size would rep-
resent them to relatively large scale, and thus would tend

to reduce any difficulties from scale effects.

It was clear that the new tank must have a towing car-

riage capable of high speed and that, in consequence~ the
tank must he muck longer than the usual ship tank and much
greater power must be provided to propel the carriage at

the ?;reater speed. More powdrful devices for stopping the
carriage at the end of the run must be installed and in or-
der to avoid sliding wheels and d~mage to tires and railsj
additional length must “be provided for starting and stopping.

The most influential factor of all, however, was the
requirement that the cost must ‘oe rigidly restricted because

the funds available were very limited. This restriction
meant that attention - and money - must be concentrated on
the absolutel~’ essential features of basin and carriage and
that everything else must be reduced to the barest minimum.

A workable solution of the problem just outlined was

obtained by devising methods of construction, types of
equipment , aild means of operation that had never before been
used in towing basins. Among the novel features of” the orig-
inal N.A.C.A. tank, which is described quite fully in refer-
ence 1, were:

1.-. A basin 1980 feet long, intended to give the towing
carriage a sufficient length of run to take usable
readings at its maximum speed.

2. Rurming rails made of structural H beams which, although
not machine~., nevertheless gave !“.sufficiently smooth
surface for the tires of the towing carriage.

3. A towing carriage that had a maximum speed of 60 miles
per hour (88 ft.” per sec.) and hence could tow large
models of seaplane floats at speeds corresponding to
high get-away speeds,
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4. “Pneumatic rubber tires on the running wheels of the
-,. ,$.. .-..tOWiilg.carriage~ up.o.z,.y~.h.i.c.h.the carri~.ge ran

smoothly in spite of the slight roughness of the -
Surfac e of the rails and wb.ich gave greater adhesion
thnn steel tires, thus making it possible to accel-
erate and decelerate at very high rates.

~~ g~n~r~l, each of the novel fentures incorpor~.tod ‘in-
to the ori~~inal design has worked well c.:nd, to compensate
for a few difficulties, ad.vant:~ges ha>-e appeared that were
n-et forosccn when the original id.e~s were yroposed. The use
of the E beam rails and’ t>lc.rubber tires was proposed 3Y the
writer as Ct method of making a considerable staving in the
cost of the ta~lk. It was not until the detail dosi;gn was
begua tha.’~the Potentir,l effect on the starti~lg and stop-ping
of the carriage, bec:~use of the ~reatcr coefficient of fric-
tiOil Oil the rails, was perceived r,nd advantage taken of it.

The higkl naxim~u~ speed of the towing ca.rri~ge in combi-
nation with the rubber tires provided the anticipated. abili-
ty to att~’.in speed [illickl~r:>.nclthus to use the length of the
tank to the full. in normal run;ling. The length of tlie tank
was foua! to he sufficient for a test ru~l of about<lCl seconds
c?t 60 miles ~~cr hoar but, nt speeds under 50 miles per hour,
from 2 to 8 tefit points could b~ obtained during a single
run of thfj lenc~;tb.t;; -b~;e~:nk, the ~.~lrger ~W,~ber natUra~l:F
corrcspoild.ing to !J speeds ~~sed. flhis r~ethod of op-
eration cor.siierably in.cr:ased the a~lount of work that could
be done iil a ~iven time.

~ho ~J1-iN:~.l”yre&lSO?.lSfOr el;lar{~ill,gtile t~.i’lk were to in-
crease tl>e amouct of work that could be iione in a given
tine anti to be able to towlar{;er nodels at higher speeds.
AS h~.~ beeil st~ted, the lei~gih of the ta:~k was found to be
sufficient to provide a rlln Of about 1(’J :;~con@.s at 88 feet

per second. It was also fou::d, howc!vor, tki(~t ~<f3nerally olll~

OIIC poiilt could IIC ~otten in o, rua if thu speed exceeded 40b
feet per secOild. Ir,asnuch ,ns a good navy tests with large
models recluired test runs at speeds up to 50 feet per second
and, occasionally, to G() feet per secomL, many of the runs
gave but one point. It w~.s clear that, if the tank were 500
feet loncer, <’t least one additional point p~r run could be
obtained at the hisher speeds, and more at the lower ones,
and the time lost in accelerating; e,nd ‘brakin~; would become
a smaller part of the total. time of the run.
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I?urthermore , the development of even larger and faster
seaplailes was be,,ing discussed as a.,serious matter; and,

bests of nodels of such craft would requirein~,srjuch aS L

hi~hcr speeds of the towins carriage, the proportion. of

sin~le-LJoia* run:s would be increased, with a consequent
reduction in the ar.oust of work accomplished. !i7hese facts

i~ldico-tcd that ail increase iil the length of the ‘basin and

incrc<ascs in the speed and the power of the ‘towins carri-

age wouli! be desirable.

!lhc nest Co:lspieuou.s of the features of the ei~lar~ed
i~.A.C.;i. tank arc d.erivcd directly fron those of the orig-
iii:.1tank add OW~ their presc:~t for~. not only to the rca-

Sozl.sfor their first usc but clso to the experience ob-

tained with then. As in tb.s origirlal ta.ilk, there Zre:

2. Rails made of structural H beans , without ne.chining,

3. A towing carriage of very high speed (now 80 n.p.h.,

).
/ \f\$

z?ax ii.1?1:.1
@5 “

4. Rubber tires oil all the Iwhcels, pneuuatic on the
ru.nnin{; wheels and solid on the <;uide wheelsc



I “

5

I’eet—.
i.-,. .. . .. .,.,.,. .... .....,, .+. . —-

iJO1’EIClldepth of wcater ~~ .,

—



111 1 ,,, ,, ,,‘.., ,““ “I
:,

6

that suy]+orted the wheels, tile noto,rs, ~,i~dt!~.egears, and.
repic. ciilf;it by a xierwstructure, w5.thin which are support-

ed the trtlcks Carryin:g t~.e nev~ wheels, the new motors, ‘and

the new gears. The new structure was nude of steel tubing

of the sane type and sizes used in the old structure; it
was welfi.c~.in itself and. to the old carria:qc structure.

l!rv.cks.- T]I~ towint: carri,age now oj?erates on eight

wheels arran:;ed in four Groups of two. Each wheel is driv-

e~. by a ‘75-horsepower electric motor thrcudh a worn and

gear ~.:!~ is n ct r,~cl~’~~iicalljlconncctcd tc any other wheel.

Each paii- of wheels supports a truck that carries the two

notors and supports the carrioj{;e tltrou@~ a yivot pin. The

truck Cail rock freely .Oil ball hearings .on the pin and ~.113”
sli~b.t irre~;-dlari.tics in the track cause less vertical r.lo-
tion of the carriagu itself tki~jllthey :?ci?.with the four-

wheel arrail:;ene:nt. A,Ji~noti,~e pr,~,ctic~ has ‘ooen followed

throughcmt u-id-rihe~l.snow cait be ren:~vcd - for ~rinding tires,
or repairs - @.kout as e~~silj~ ~.s fron til,~ ~x~es of ~~ ~’~to-

notiilea

This is ‘o~li~ved to be t~?.efirst use Of equalized

wheels arran:;ed in trucks on carriages for towin~ ‘oasins,
a~thol~~l> it is re~,~i~ecl. that it reflects pri?.arily the

very s:~>ccial nature of the construction. equipr.ent , and

netb.ods of work iii use in the N.A.C.A. tank.



The electrical CqU-ii~rleiltdj.ffers co~~si:lerahly fro.n that
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in use iil nest Iuropean tanks, particular-ly in that no

batteries are used i?.nd. in that the uniformity of speed of
the towing carriage is dependent entirely on the Unifol”r-l-
itjy of tkke voltage output of the notor generator sets.

Iil conilcction with the extension of the tank, a twO-
story of?ice builriing was cndded at the south. end of tkLe

tank and the north end. of the shop w:~s oxtcrldecl 100 feet.

Resistance

Trirming norlcat

T!IJoshc.aves , cnrricc!. abo-~e thk; top of the nain girder

of the c(:.rriaze , lift the tw~c Gff tl:c q~rc.ck(sts and fluidc.
it throut+l [a .horizontr.l slot in onc side Gf ~, SHO.11 box.

On onc side 05 the slot is a ~;oll-rccof li=bit rind’on the

othor a photo clcct ri.c tube. Tk.c li;;ht bean normally is in-

tercepted by the tape ‘but fn.lls Oil t!’.ctube each ti;le a

hole passes through tke slot anti the energy generated in

the tube causes a small solenoid to tilt a tiny mirror and
deflect a bear, of li~;.ht.

.—
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W2e time is obtained from a clock that closes a cir-

cuit for a SZIT411 fraction of. ?._._ .. .second at ..inte,r.vals...,ofone-
>3- “’bal;f”’secoiid-and ‘e”tiih‘t””~m~-””sends ; small current to tilt a

second mirror and deflect a second beam of liGht.
!1
,,

Both of the mirrors Just described are located near
,’ the top of the tlynamomekcr oa?. the deflections of their

{
I

beams of light are recorded on photoste.t paper in the
ca~]era on tho toy of the tu-oe.

ThC notion of the rosiotance nirrcr is followed bY ~.n
observer - !!.~TTrLILnoll~teri.1~1111usmlly’ calied the . - who
watches thf2 notion of 7. svot of light on a screen at tile
side of the tube. This s~ot of light cones fron a second
source situated at one siie of tlic recordias one ar,d, after

rctlection by the resistmcc nirror, falls on a long hori-
zont~al nirror fron which it is rcflcctcfi to the screen.
TF.e novcncnts of o, bean fr~n th(~ tin.: nirror also can be
seen on the screen, and a io,ilure of the lanps or of the
tine-iildicr,tiilg equipnent cr,n be instantly detected-

~~ This devico has been ‘J.sed practically as doscribcd*?

~

since the li.A.C.A. ta.~ikbegan operp.tton and, after varj.ous
nteething tl”CUblOs ‘1were over,I hns given very good. results.

,,
1, The priilci.pal trcublc with it to?.ay is th~.t the lc.nps alw-

ays select the nest critical test point cjr run on which
to kurn out or to becone tcr:perarlental ,



Th,? tow~i~g g~la(?.e~~S a franc of welded steel tubing
Suspend.ed. at the two ends hy staiuless-steel tc.pes that
run CVei” the two sheaves to the end. of the ~iston rocl that
rises frr)n the d{anping cylinder and supports the coun.ter-
wci@t pnn. The weight 011 the writer, or loacl, Of the E1OC1.C1
is detorz,ined by the wei<;ht on the couilterweigh,t p~,r.. Tb?c
nofi.cl is attached to the girder by the pivot fitting at
the %Ottorl.

————--——- ... .-.———.
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Resistance, l-D. 3*1

Lo:?.d, io. =.2

Draft, iv.. +-”1—.

The lift generated by tke hydrofoil is ncasured by a

ring d;-nano::,c tor in the lizic bOtWCCll hydrofoil a~~d nodcl,

tli(?extCilSiOll Of which is indicatcil. by a dial ga~c that

rca&s ‘GO 1/10000 inch. A, sinple cn.librr.tiol~ ena.31es the

lift to be obt~iilcd in pou~lils.

\

.- ,,,,,,.—.. ,,■—m ,,,,--
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.
which the co.rrin:;e runs ; tli~ oth,cr is r:ountc(l un?er t!.lC

C?,rri2~e tO t!’!o left of the r~iotLc]-~~l?. r.lJOve it. This tc.-

chorljtcr is mountecl in a frame upon which are set figures
represcnti-ns the run n’.mber~ tile date, and the .mod.el nl~m-
ber. Vhe run number, the date, ~.ildthe model number ap-
pear on both back and front, tho speed only on tho front.
F’hotogra-phs may be taken fror~ a number of positions for-
ward and ,aft of the model and provide a Vor:; good quali-
tative rccoi-il.of the ~>erformance of the mo[~.el.

Uho eillargcd tcank and the altered carriage have OP-

erzted practically !as expected. The :~p.ticii)2.tCdgain in

the number of points ~-O~dLper run ho.s b~eil obtained without

iiifficultyB The maximum number of points rccordc~. in one

run bcforo tho cnlargcnent was 12 although the usual maxi-
mum wrLs 8. It is now l?hsily possible to rccor~ regularlY
14 or 15 points .at the slowJr spCtidSO
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!i?HEMllWIOD OF TAX IiTG AdD REC ORi)IHG DATA

In tho earlier worlc of the N. A. C.A. tank the tests
wcrs 211 of “the specific type nnd the data were expressed
quaa.tito.tivcly in feet per seconcl, pouildS, and pouild-feet .
After the iiltroiiuction of the general method of tcstio.g
it became a.pparont th.~.t a better method of exprcssin.g the
Clata Wr,s xcc~ss?L.rF arc., l;Jjth few c“xceptions , the? dnta from
the general t~7]>C of test are :1OW ~xi~i~esscd in the form of
the ~~C1l-ki161.fnnondincnsional coefficients.

Speed
P’

co.?fficient

in which, iil tll.~ X.A.C.A. tank,

~R, rcsistmce, lb.

@ , specific weight ~f water, lb. per CU. ftc

V’b , bean of hull, ft.

~g, ,accele ration of ~i”favity, 32.2 $%. yer SCC.2

TO those coeffic~.ents should:-”T7&.dc?d the ratio A/R. 1%
should %e rci:le::~bcredthat in Anerics. this ratio is used as
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generally as e, the j$aing nuriber, is used a’brond and
,.:-- ....s.that= A/-%=. l/.ce... ..-----.... .. .

‘4
..

It is rel.ativoly easy to obtain much of the data di-
rectly i~l coofficicnt forr,o The ilo,~inur~10ad Of the ~o~~ol

is n~.d~ to c~~resp~lldL to a round Value of CA and the
lend 1s varied by miounts that correspond to definite val-
ues of CA s usually 0.10, 0.05, 0.Yld0.025. The weights
for providing tkesc anounts .~.”rccovcrecl n.etc.l 30XCS and
the correct wci@t of e,ach is obt,ained by fitting sheet
lead WIP. fiil~ Shot into pockets iilside tile box.

Before the test begins, it is clecided at exactly what

s~~edLs$ loads, an[7L trins the /L~?ta will tic t?.ken. The

rmgcs for tho various qunntitics arc usually deci?.ed fron
expcrieaco and inf>rr.<ztion ~’~]~Lc&rIlin~~t,b.etyp{) or the pur-,,,
-pose of the fcrzl tilat is to 130 tested.

S_j~:e?.s:>orcnot prcscritei!. by coefficient because they
caiznot 00 set with s’~fficicllt ~.cc.~r:..cy+ Instev.cl, the
spcod.s are prescribed in steps ~f 1 or 1.5 feet per secoild
in the region of the hunp and boljw, 2 or 3 feet por Sccorid
just after the hunp, md usually 5 feet per second at jligh

sj?ee?Ls.

+ Loads are ~rcscribed by coefficient, USUr,lly be~in~ling

1

with CA = 0.025 or 0.050, then CA = 0.10 and contiiluing
to increase by values of CA = 0.10 tO the naxinufi t.o be

i
invcsti!q:;.ted.

Trins can be :~rescribed to dc{;rees or half degrees.
Usually the trim is varied by 20 increments over a ran~e
that will include the zero fi:::~entand the lowest resistance.

It should 3C er]pl~~.s:,zecl,’ho~~~evel-, that no pro~ram iS

rigi&. If ailythin~ deveio~s t.l~ring a test that indicates
.a need for ,a cham<e Or an extension, the progran is altcreci
to suit the need. E.?.ch set cf data is”plottod irmcdi.ately
after it is obtainocl a.nclthe pro~;rcm may be .nodified Con-

tinually as requi’rcd.

! The crew requi’rcd for ~lakin~ .n test :Lccorcling to the
~enernl i.lethOC’Lconsists of the following:

i
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(1) A motornan is stationed at the ,forward end of
the centerline girder. He con”trols the spoecl
of the carriti.~c as directed a~;iicnclcavo~s to
nnke it precisely what was cfl.~l~?’ fOr ?)Ut ob-
serves a tachcr~eter ?L15 recorcls the SPCC/L in-
dic~.ted.

(6) The ~.lan at the control desic kcejps the volta&e of
the field current const<ant, n-ctes the maximum
arrLature currelzt indicated., a:~d aotes the speed
i~~~Licatcd 7J~7~. voltmeter in tl.e armr.ture cir-
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. . cuit that is eali’oratod in feet per second.
--,....,,,- ,,,, Oil signal.frorn ,t,hc.carriagc$ .~e reverses the

~~otion of the czurriago. He can stop th~”car-
ria.gc at any time and, if desired, could con-
trol its spocil.

. .
T1lc nodol to bo tested is secured to the towing girder

by the fitti:lg thr.t is suspc:lt.Qd on the pivot.. The 10CCL-
tion of t2Lc pivot is nadc to coincide.as ne,~.i~l.Y.as feasitle
witk. tllc position of the center of gravity of the full-size
sCowplnne and the moclcl is ?)allo.sted to bring the horizontal
position of the actual CCiltc?r of gravity vertically unclcr
th~,t positioil. If the nodel iiocs not .reprcsent an actual

near what would l)e
~ravity if the hull

inVcStigate~. and
the keel at the

~ixcd-tri~,l c!.atasheet as it isThe upper part of o “
prop<arcd l.)ytkc crow chief with t:lc test data fillecl in
is showrl in fiGure 5. i.~ost of the itc:~s in the heading
ars Self’-CXPl~iilZltOry, ‘out ~.0. Gives t~he lljol~order!! or
aCCO’witiil& ilunter to w12~ch t!?o costs of the test are to

?)e ch,=.r:<ctL P.ild.c.~~. “bhc &Josi”bio~ of the CCi?ter Of nonents.
I’.S.D. Shows that for a cllo,ilGein resistnncc (CR) of
0.1 -the c’.cflcctioll of the light spot Oil the screen is
5.94 iachcso The aotation ‘twincla~e conpcnscatedll” indicates
th:kt in this po,rticv.l:mr test the windaGc of the exposed
parts of the towiilj: gcar was bal;~ncccl by that of .a clisk
llOUiltefl011 0.:1cxtc~lsion of the upper iilcrtin. b<alance. staff.

The tine. of “bsginnin= the run is e:l.tered.on thosheet
(~il’+-the run nur~her is placed :Ld.joi;liilg. Several points
?.1t:by’00,O_bt.~iilCfi-oil the run an.:: the first point is given
letter <2; ‘:hc others follow in sequcncc. Tb.e preil.eter-
nined, Iond for the first point is iridicated as a coeffi-
tier-t (in this case 0.3) and the” Io(aclfor each successive
point is siui.lil.rly i:ldicr,tcilo

The notornna is told that the speed. will be 25 feet
per scconi aad that there wil]. bo 5 points. The weig~-t
Dan is told tl?.nt the first 10P.cIv?ill 110 a coefficient of
0.3 and that “i~hecoefficients will inc.reasc to 0..7 by in-
crements of 0.1. ‘The dynalnometer ;.lailreports that the
zero correction is zero, that is$ thZLt thCr2 5.s no weight
in the zero correcting pnn.
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. The carriage is started and tile not ornan endeavors
to kring the cc.rr iage to exactly 25 feet per second as
quickly as he can. He’ overshoots slightly and fin?Ls the
tachoncter rends 25.3 when the speed bscones constc.nt.
When the. cc,rriaGc is at constant speed, he si~nals .m,cla
set, of readings is taken..

The cre’w ch.icf finds that the dial on the trinning-
nOne~ii .sprinG inclicc<tes a deflection of 2/10000 inch CLild

t!lc drnft of the nodel is 1.4 inches. T.h.c d~ilr.12011Cter
nan finds that the deflection of the 1~.~~ht spot indicat-
ing resist~~ice is 3.8 irlchcs.

The dynnnoneter can takes whatever tine he deer,s
necessary to Get a good record of rcsistancc, usually not
less than 5 seconds, then si~na,ls the crew chief. If the
latter ilas his own readin~s to his s~.tisfactiOn , he sig-
nals the weight ]~ailwho rcnovcs a CA = 0.1 weight fron
the counterweight pm, thus raisin:: the loacl to CA = 0“4”

The crew chief sign:. 1s for a ncw readin~~ :’.ndthe
process is rcj~eatefl-. T~~e remetitioll coatinues until the..
end of the tailk is reached - in t}li~ case without a change
in speed-

At t~e end of the run. th,o iiot~ri:~.il repOrts the read-
ing of the tachometer to the crew cliief who enters it ‘un-
dzr !Iv Rd.&. II The ~-yv-ar.olnetcrn~;l reports his successive

readings as incb_es of deflection and they arc entered under
IIR R@O II He also reports. that for the last point he sup-
pr~sse?. the zero hy % = 0,05 and the correction is eil-

terccl unler IIzcro corr.f[ A zero correction of 0.05 corre-
sponds to a d.oflection of the liGht spot of 1/2 of 6.94
inches or 3.47 incbLes. This correction is called 3.5
i:lches and ad~-’ed to tti.c5.5 givi~~: IIR net!! of 9.0. It

will ‘de noted that the correction is added fror~ then until
ru~l 3,~f, where an R rca.dis~; of--O.4 was ohs~?rvecl.

The C’Lat~. hc.vins been noted, “Llle.r,od.el is lifted fron

the water ancl the carria{;e 1~ ret-~~~ied to the south end Of
tile t~.ilk. While en route the i!o.to.9.s t~ resistance and
nonent arc plotte:. rend iilsp~c”te?. to see llGW the curves ap-
pear,’ “

As’ sooil rbs the h!o.ves have ~uicte?L (~.su~,l.~y by the

tine the return is conplcted) ai20thCr rufi is begun at 30
feet per SeCOilCl a:zd with an iilitit’.lload cf CA = 0.’7.
This tine the l~a.ii is reduced l.)ystaGes u~.til , at the low-
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est load of CA = 0.2, the moment, spring does not indicate
“and-the-draft nppea~sto be zero.,. The .l~.s,tpojpt of this
run is repeated as th~ first of the next but, as the record

shows , the motornan misses the speed and reads 28.5 feet
per second instead of 30. The point at CA = 0,2 is fol-
luwed by one at CA = 0.1 and then the speed is changed

from nominal 30 to nominal 35 feet per second, (in realitY
33.0) al.ldthe 10ad is rcducecl to CA = 0.05.

The other notes on this sheet are self-explanatory
exci?pt that the I138cII in the column headed IIphotoll i,ndi-

cat(?s that photographs of the spray were taken as part of

the record of that point.

The data sheets go to the computers together with the
developocl recorcls from the camerca, and a secon?. sheet is
preparecl - the llSummary Shectll shown as figuro 6.

il~of+tof the hcndings of this sheet also are sclf-
explr.rlatory , but llDyn. Cal.. .0144311 indicates that, on
the recorcl of resistance, the mc’?.sured distance of the
mer.n resistance line fi’or.lthe zero line in inches is to %e
multiplied b~r 0.01443 to rcducc it to turms of CR. l!~Jo-

illdlltCalibr;.ltion Y-3t1 illdiclates the particular calibration
to be used forthe re.~.fl~.ngof the moment spring dial in
order to reduce it to terms of CM.,L

The true speed for each point is tLcternined fron the
recorcl ‘oy counting the record of the number of feet in a
given llu~.bar of scconcls , is reduced to Cv’

and entered,
under IIspced Coef. l!

The distr.i~ce of thu mcm resistailce line fron the zero
line is neasurod .in inches, converted to CR, and entered
a s IIGI-OSS R ~OCf.ll The zero correction is taken from fig-
ure 6 to.ndcntored as IiZero Coef.11 In this case, there is
no correction for windage of dynarionetcr structure; if
there were, it would be entered in coefficic~t form under
11’flin(l.Co Cf. fl Tinally under IIR.Coefo IIthe algebraic sun
of ~h~ I!Gross R. COCf*X It ll,zCro co~f. ,11 and !l”!~ind.Coef.[’
is eiltercd. as the final value of CR for that point. The

other coilversions t.re obvious.

The reCO1’/LS of the points shown on figures 5 and 6
were not suitable for reproduction.
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!che data fron the. sl~r.l~~w.sh~et (:fit?~~) are plot-

ted on a .se@arate sheet for each val-ue; of : T with Cv

0,s atscissa$ CR and cIvj 0,s ordinates, and CA ras pa-

ranetcr, giving the well-kncwn fanilies of curves as in
figures 7’(a) and 7 (b).

In order to obtain a view of the nanrier in which the

values of c~ and GM vary with trim, the curves are re-

plotteil as Ci”OSS curves at Sclectecl values of Cv with

T “2S ab~cissa, CA ruS p~~raneter$ and Cpk Lan cl CM as

ordiuates. The cross curves derived fron the sunnary
sheCt of figure 6 will be found On the right-hand Side Of

figlli”~ 3 for “C~ = 4.5.

This ~Lescri~tion has included only a p2rt of the data

from the tests of this model but enough to illustrate the

nethoi!o The conplcte :lato, for N.il.CeA. n.odcl 74-A will be

f om. d in reference 4.

USE 03’ THE DATA

AS ~. result Of our studies of r.lethcds for using data

fron tank tests of noflels of hulls of seaplanes, we have
cone to the conclusion that the relative nerit with regmrd
to resistance of ferns for hulls CCLYibe determined only by

considering each. f orr.1[as part of a specific conplete sea-

plane .anclnaking take-off computations for each. Each
take-off Computation will give quo.ntitative results that

can _be conpared with; sinilar results fron the others. In

additioil, there nust be a qualitative comparison to deter-

ninc the reltitive i:ierits as to spray and, eventually, as

to porpoising ancl behavior in a seaway:
,,.

The r.lothods of plotting ancl presenting the reSUltS of

tests that have just been described are well adapted for
this work. Ail exar’.ple, in which the clata that have just

been presented will bc’used, will be the best demonstra-

tion. The conputaticn is for sea level and no wincl.

Let it be ,zssunod that it is proposed to use a hull
having the fern of N.A.C.A. nodel 74-A, as shown in figure

5’, for a very large flying boat, ,such’ c~s,has been suggested
by the’ United States. itiaritine Connission for possible fu-

ture trans-Atlantic use. . Accepting. the assur-lptions nade
in that report, we have:
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&OS”S wci&t . . . . . . . . 250’,000 lb..,. ..... ... . ,,......... _,. ,

Wiilg 10adi.ng . . . . . . . . ‘“~~‘“lb.’]sq. f.t●

,.

13ilgiil~powcrv noniilal. . . . 12,000 11.llj~. f02’

The nv.ntici of engines and the R.etail.s of the propellcrsare
r.s ye,t .unknowl; but , fron previous computations and ‘exycri-
encc, there is a thrust curve for a seaplane having a
Sr:allar power with four engines and it is assunecl th[at
the thrnst of the propellers will he proportional to the
power.

!l!hC Wiilg s are assui-led to hrrve split flaps of 20 per-
cent ch~rd width over 60 percent of the span ant!!, in
stp.rting, the flr-ps arc set 300 d.ovne Fron a win’d-tunnel
test of a nodel havin[; a sonewl”.at si.uilar arrangement of
wins p.ildhull , there arc? obtained the lift and the dragI
curves of the conple.tc craft (and the lifts and the clrags
of the various components. T~hc curves of hull ancl parasite
drai.~s.arc corrected to suit the diffcrcncc in wing loading
and.”tb.c drag of the.hull is Acducted. !t!henaxinun lift is
corrected for scale, :Lnd the lii’t and the dr~,g curves are
corrected for grcun{l efi’cct. There follows: -

. . .
\lll-lgarea * . . . ● ● . . . . . ● .. . 5,560 Sq. ft.

Gcorlctric aspect ratio (assuI.leit). . ● 10

span. . . . . . , . . ● . . . . . . ● . 236 ft.

Ijea;sCh(jl-cl.. , . . . . . . . . . . . 23.6 fto

HciGht of win[~ above water (assuned) . 20 ft ●

IIeii;ht of thrust line above center
of gravity ((assuned ) . . . . . ..8 ft..

The aa~;lc of win~ setting relative to the hull will

have a consicl.orablo influcuce on the pcrfornance- If it

is nade too low, the hull will trin too hi~h cluring the
high-speed ynrt of the run; if it is l~ado too high, t~e

hull will be /Lown by the bow in flightc A compromise is
neccssa.r;~, but it can he r.lade intelligently by assuning
several ,T.L1<;lcsand TIalciilgprelir.linary- con.putations fol”
each according to the followinl? nethod. It is not ileces-

., , ,-,.-,. ...-., -.,... -.-—
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sary, to n.ake ‘the conplcte calculation -tut only the part
that covers the hi~h-speed r.anz;e. In this particular
protlcn the an{;lcs of wing settin;q considered were 50,

70, ~Vn(~9‘“* Inspection of a sketch showed that 90 would
be sure to cause the hull to he too nuch down l?Y the lIow
while cruising ant this an~le was not computed. The

~f hi~h-speed resistance for win~ settings of 50curves
and 7° (fi~. 10) ShQW that 7° ~iVes a 10wer high-sp~ccl
resistmce than 5°, ~~ld consequently:,

The curves of lift and drag coefficients of the aero-
dynamic structure, asSunc~L tO he ?;en’erally sinilar to that
of the earlier nodel, are nQv rcplotted nGainst trin of

hull for an angle of winfl scttin~; of 70, instead of against

the an:le of attack of the Wine isi~~ing fi~ure 1~. This new

plot is not essential %ut it reduces the probability of
errors~

The best size of tke hull cannot be predicted. fron the

data fron the test of the nod.el. It i.laYbe founcl tO be
anythiil~~ between that corresponding:’; to a load coefficient

at rest, CAR = 0.35, and the corresponding to CAR = 1.0

or norc, accordiill~ to the leil~th-’!!e:.in ratio and the other

con?Litioils of the problcn. III the case of the fern of

rlo(lcl 74-A, the’ lines were drawn and.tllc water liile at rest

was assuned at CAR = 0.60. In other words, the fern was

ina:::ined as st%rting at that value of CAR
,Trld.the flow

. .

ant spr<~y were ip:>.(~ineito suit, -a:+ nust be the practice of

e~7ery’ desi~n-er of hulls. ,.

Iil this particular case, an estinate of ~ct-awejy was
~,~.?Lefor three values of CAT : 0.50, 0.55, and 0.60. It1.

was found thmt CAR = 0.55 gave th,~ best result and the

work only for that vo,luc will bc described in nore detail.

.Fror.lthe a.ssur.lptions that

CAR = 0.55

AR = 250,000 n).

and.

w= 64 lb. per cu. ft. (for sea water)
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\ it follows that:
-“-:.’”””” ----- ..,.
J,

-D.c...... ..

1

,,.
.!<:<

3*
, ‘.

bean, h =,,
;1

“:$
‘~ ’64:X 0.55

A
CA =

=

6’4 ‘x.(19.,21.)3

iii

cR=—64 X (19.21)3 =

.,.. ,,. ,.

= 19;21 ft.. ,,

A

455000

R

4.55000

]~

8’750000

(1)

(2)

(3)

(4)

0./32.2 x 19.21

L = 1/2 X 0.0023’78 x 5560 CL V2 = 6.60 CL V2 (5)

D = 1/2 X 0.002378 X 5560 CD V2 = 6.60 CD V2 (6)

‘14s 7. first approxirlation, th2 get-away speed is as-
suncd to ho 115 percent of the stalling speed. The stall-
ing speed is o-@tai.~ledfron

250,000 = 6.60 X 2.3 ~~2

CLr.c1

arid

[

:250000
‘s = ““. 6.-60 X 2.3

v = 1.15 x 128[:

= 147 ft. pcr sec.

11,um-mmmm ■m,- I .,,,..-. . . . ,.-——. . .
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!{heilthe resistance curves sinilar to fi’gure .7(a) for
tilis nodel are cx,anineit they .sh.ow that - as might h~.ve
been expecied because of the low. step ancl low an~le of

afterbody keel - there ,nre large increclses in resistance
(obviously caused hy wetting of the .afterhody) for a
ran~e of speecls the.t includes the Vg just assuned and
for tri~ls of 6° anti above. The curvzs for 3°, 40, and 5°

show no such ir.creases. The trin at take-off, therefore,
nust not cxcced 5° ad, if take-off occ-llrs tat 5°,

‘r= /
250”000

‘z ‘v 6.60 x 1.74

= 147.5 ft. yer sec.

In this case t:lc tl.iffercnce is insij;nificant ancl

either vc.lu~ of V,. can be used in the computations. Had

the difference heeii gre~t, a study would Ylave been. rzade of

the linitiil~ conditions indicated by the results of the
-..,.->Jtev,?.~Ue w~uld }lO,~e ‘Jeen selectedtC?StS ~.lldthO ~.pPi”O>.l;..

to Suit.

The resistai~ce at a few points OVer the hu~lp and a
felv nore r-t the 5° tri:] just precet.ins the get-away, when

conputet 12:7tic prese:]t r.lethcd a.nclco~lya.red with the

thrust at those speeds, shoy~ that’ in both ran~es tlie thrust

avo,ilahle for acceleration is very nearly the sane. This

“condition is considered a desiral~le onc an-d the complete

con.putation is undcrtakeno

If the excess thrusts differed greatly, the size
would “~e altered - increased to decrease hunp resistance
a~id increaso high speed resistal~ce, or decreased to in-
crease hunp resistance and :Iticrease hi~h speed resistance -
until the desired COnditiO?2 WZLs ~l~tai,ned-.

The curve Of ~ht? i3XpeCted thrust ifi po:Jnd.s is drawn

a~ainst spe.~d in feet per se,coni as abscissa (fig. 12) .m.d

prcpa.rations are m:;.de to cleri+e the curve of resist~.nce

free-to-tril:l - taking into r.cco.unt the trinning noment
proclueed hy the thrust. The. eurvt? will “oe derived to ex-

tend beyond the point where running at best trin under
the coiltrol of the pilot is”possille.

A conpu-to.tion she”et is lJrep2.rCCls consisting of ~erti-

cal colI.mns and horizor.tp.l lines. The colunns are headed “

in order with the” values of Cv used ir, preparing the
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cross CUi”VCS Of,
CR

.211(3.ci4 of the nodel. For each of
>B.
\ - ‘tho Values of Cy, the .proce&-ure.. is the. same.

~ In table” I three colunns taken fron a full sheet are
I reproduced for the purpos”e of illustrating the nethocls In

ad(dition to ,the synl~oIs :~t the left, for the succ.pssive
itorjs in each colunn, Jhere are given nt the right the def-
inition of each iten, the unit in which it is expressed,

/

I

ancl.its c’-crivation.

The ~.erivo,tion of iten 8 - ‘T, trip? (first approxi-
mation) , in ~Aore ~Let(~il, is 2.s follows: Eilter the nOClelit
cl.].~~~sof fiL;ure 8 at the v,nlue of c],~ e qual , and oppo-
site ii?.si::;n,to the value of C!MT. Follow horizontally

to a point correspcndin{j to the load paraneter of CA .
ap~)

It will be ncccss~,ry to use cr.ro in interpolation. The
V[_LIUe Of til~ ::.hscissa Of the point is t]l~ approximate
trir:: T.

The v:?.lues of R-ED, 011t,3i.iled On the computation
sheet ~jlOttCd a.~;ain.st sileed on fi~:;ure 3.2, ~ivc the curve

of’ resista~lce free-to-trin. .

It is r.ssunod, however, that the craft is pcrnittcd
to travel free-to-trin only tc a speed of 55 percent of
the gSt-aWa;T s:pee(l-slid.that fron then on the pilot will
control the trin to c;j.venininun resistance.

It then beco~-es necessary to detcrnine at what trir.s
the nachine sh:~ll he held at hi,<;h speed in order to oh-”

tain r.lininuritotal resist<>nce. The silnplest way is ,to
deteri:lin.e the curves of total resists.i~ce a-t a nur.lber of

trins, aild tkell to prescribe tho trins corresponding to the
lower envelope of the curves. This operation is sonewhat
Sinpler than the previous one because the fixing of the

.
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trin T fixes the values of CL and. CD for the whale

range of values of c~ fron shortly after the hunp to
well beyond the assufied value of ‘~”

The oiocration is as follows: .

1J sS1.1-llethe values of T for which the curves are to

13e i!erivedo i~ornally, tho values range fro.n 3° to ‘7° ‘oy
10 illtel.valS l~ut in this case we knew th.~t T cannot ex-

ceed 5° without excessive resist[ar.ce, so we assune 3°, 4°,

.O,ild5°, and obtain the values of CL
~~~d CD for each

fron fi~ure 1.1.

For each value of T. assune~.~ a conput~.tion sheet is

pre,~3ared - Zenerally sinilcnr to the previous one - and the

procedure is I:LLICh the sar:e. ~]le cOltUl:lS are headed, in

order, with tile vt21U.eS of b covering the ram~e of sl>ecds

to be investigate?L as found in the cross curves of CR c.nd

CN1 of the ~o?Lel, ,m.d for each of the vr.lucs of Cv . the

procedilre is the sr.nc. Table II ~h.ows three col’~r.!ilstaken

fron a full sheet, wit!.1 notations as ill table I. The deri-

vation’ of itcr.1 6 - c~, resistance coefficient - is the sane
0,s for iten 14 of ta.hle 1.

From the values of R+D for each value of T, :1”

series of curves c~.1~‘Oe l~lotted showin{; tb-~ resistance of
the co~.li>letecraft at the v~wrious fixc~ trinS fro~l near the
h-[111pto ~]~ere the cr~,ft is air-lorlle. It will be founi

that the curves interlr.ce, 11OW one and no’w ~.nether bein~
the cli:~i~ur~. If t,?-:etrin of the naehine can be controlled
to keCi3 011 the ninir.lun, the take-off will occur in the
nininun tine C,ECIS.ista?ce.

In figure 12 the passazc fron free-to-trin to fixed

t,rin is indicr,te?. bY the arrow herd. It will be observed

, that, althou~yh resista:lce almost to40 gi~~s5~h~J~~n~~’L~he end
get-away, a pull up . “.’ reduces the re-

sistance quite sharply and leads to the get-away.

In figure 12 the points indicated by triangles cor-
respond to the tabulation at Cv = 2.6 free-to-trim; those
indicated b~- circles correspond to tlhe tabulation at Cv =
4.5 at fixed trim of 4°. The same symbols apply in figure
11, where” the lift and drag are derived, and in figure C ~
where the approximate trim and resistance free-to-trim and
the resistance at fixed trim are obtained from the cross
curves.
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Figure 12 shows” only one combination, as worked out
Sinil,qr curves for other values offOr ....C=R.= 0*.55? .,. ,,..,,,,,,. _,. .,, CAR

can be obtained and a coo.npl.etesurvey can be made of the
.eff.ect on the resistance of” the various values.

The simplest ~,~nclmost rnpid. ~ethod of estimating the
time L’.ndclistance’ to get-away that we have been able to find
iS g?,~~e~,in reference 5 F.nd it is applied in figure 12.
s~<~erting ~,t zero speed and resistance, a line is dray+ as
indi’catel with a slope of W on 0. yhere W is the “gross
weight of the machine and g ‘is t;e speoii reach.ec?Lin 1
S,2COild under the acceleration of gravity. IIJ is plot,ted
at the scale of R ancl thrust and ~.. at the scale of
s“~e”ect. “;~hen this line” i:fiterce]?ts the curve of “the thrust,
it is turp.ed. back at the same a~~~le with the vertical, but
.Og.the other siile,’ and the zj.g-zag is continued until the
get-”away is roachecl. The time in .“seconds to get -away is
the number of times the lir.e is reversed., or intercepts
the two cll.rve”s. ‘The tistance tc get-away is the sum of
the res:?ective abscissas to the poi’nts whore the line re-
Tel’ses, rcadinf; them as dista~ces in~t~ad of speeds. In
thiS” caSG the tilte to g:)t-away is 83 seconds aid the 3is-
tance run is ‘7,770 feet.

This method of obt::,ininc time ar.d distance to get-
away is especially l~Cl?pf-J_lwhere :%1’~Grn;lLtivecUrveS of re-
sist;~ilc~ or t~”lr~~st&,re cncou.ntered because it is simple to
apply aild yet it brings out very cl~,arly the zffect of any
Chanyc!s in thu forms of the curves.

Com;pr.risons to determine the i-clativc merits as to
s;pray, poi-poising$ and behavioi- in a se,away have not beon
made! at the H.A.C.A. tank, but it is ho:pcd that some Jay
they cO.ilbe m~,de. II’orthe present we present this brief
SqUrX’Cy of the novel features of our t~.illk,the methods of
testing models, a:nd the m~thod.s of using the data in the
hope th(nt they will assist th~se who used the reports of
work in the. H.A.C.A. tank to ui~.dcrstaild how and wh~r cer-
tain features are as they arc and thus to use the reports
with grec.tcr case.

,.
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‘IABLEI

li!odel74-A AR = 250,000 lb. CAR = 0.55

Free-to-trim, including effect of thrust acting 8 feet above center of gravity. Flaps down30°.
.—_———,.— . — ~—._
Item no.i~ x~ ylbol~ Cy = 2.4 ~ = 2.6 / = 2.8

I I I

-———-—-——L---- 1——._—-.,_.__.&___&___——._

1
2
3
4’

5

6
7

8
3

10

11

12
13
14

15
16

17
18

iT 7.4 I 8.1 ~ ?.5

~~,aoo 1 55,500
201,200 ~ 193,300

.443 I .426
7.4 \ 7.9
.085 ; .087

3!3,600\ 39,500
.176 \ .187

4,100 ~ ~,2(30
42,700 I 44,700

1.395

63,SJoo
186,100

.41

7.3
.0’79

35,YO0
.174

5,600
41,500

——.—.— ——

sped coefficient
————— -—...—— -—--.—.—-.

bpeed
~
peed squarei
~>lr~st

N!omenttim-ust

Tnrust .i,omentcoefficient

Proportion of load

A~grox. l~ad coefficient

Trim (lst appr~x.)
Lift coefficient
~~ft

~oaci
CL

Trim (2d approy..)
Resistance coefficient

~esistance
Drag coefficient

Drag
Total resistance

.—. .—.-

f.p.s.
(f.p.s.)a

lb.
lb.-ft.

iegrees

1-0.
lb.

degrees

lb.

lb.
lb.

]erivaiion
assumed

—.—— .——.

Xquation 4
72J
Figure:12
Tx8

Iquation 3

1- (T1/vg)2

F’x CA:
R

fligure~8
Tigure’11

Equation 5
250,000 - L
~~~ation 1

Figure 8
Figure 8

Equation 2
Figure 11

I@ation 6
R+D
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~ Model 74-A
I

Fixed trim, T = 4°
_ _——r——..._ “.——— .—..

!
I

I I I

\ item no.1 Symbol ~ CV = 4.0 ~ = 4.5 ~

\ I\ t I

111.8
12,500
135,200
114,800

.253

.963

24,000
8~D; ?,goo i 9,900
9 :R+D! 34,300 ~ 33,900

= 5.0
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sped. I f.p.s.
Speed squared ~ (f.p.s.)a

Lift
\ :“

lkad
1.Load coefficient 1

,- 1
‘R !

Resistance I lb.,
Drag lb.

33,500 Tot;l resistance \ lb.

c@R = 0.55

CD = 0.12

Derivation
assumed
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Ilquation4
..2
Y
Equation 5
25rJ,(J30_ L

Equation 1

Figure 8

Equation 2
Equation 6

R+D

co
I-J
cm

cd
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oqwd Exfension
originaland the enlargedI’?.A.C.A. Figure 2.- Cross sectionsof the otiiginal

‘A. F;wing gear ac%ehbly
v

/41 = Angle Of:aUaCk adjustment 13= L’if7~tEOUTW

i

u
2 = Hydrofoil 14 = Mirror

3 = Dasphot 14 = st@la

4 = Towing girder 16 = Sfrinl
5 = Liji ring .17 = Counterwcilht8

6 = Dial ~ndica~o? 18= Indicator arm

7 = Drajt scale 19 = Trim

8 x Inertia counterweight 20 = Water surface

9 ‘= Calibrating pan 21 = Ttimming-m~ment, spriW

19 - Upperpan 22 = Trim adjtwting SOWW8

11 = Zero adjusting 8pring 23 = Center of nwments

12 = Came7a 24= Pivot (Center o)gravitv of
airplane)

B. Fru.-to.trim 8et UP
C. Fized trim eet up

Figure 4.. Arrangementof tlie I
towing gear of the

enlargedN.A.C.A. tank.
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1 = Hydrofoil
2 = Angle of attack adjustment
3 = Runn$ng rail
4 = Wide wheels
5 = Trolley wire.
6 = Distance tazw
7=
8=
9=

10 =
11 =
12 =
13 =
14 =

Photo-electr;c cell
Damping cylinder
Towing gate
Trim & moment %nd’icators
Draft scale
Inertia counterweights
Water surface
Re8i8tance dynamometer

15 =
lb =
17 =
18 =
19 =
20 =
21 =
22’ =
23 =
24 =

25 =
26 =

27 =

Spring
Mirror
Light source
Camera Figure3.-
Braking rail

The generalarrangementof
Emergency brake the towingcarriageof,the
Emergencg roller
Calibrating & tare weight pans

enlargedN.A.C.A. tank.
Bottom chord of roof truss
Weights to counterbalance model
Pivot&center of moments
Frame with adjwtable height
Center line of motor
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Jo--- a NACA TANK SHEET=

FIXED TRIM OATA SHEET

MODEL NO..#&&NAMF ‘%+f~rn)nd t4u///“ TEST DATE,~f 30 N?37
BE$CRIPTION&f~’A “ “mbd!.kd “ “ ~. M.W~ZO ‘/ . . 6a.& VeA.&fl

F.S.O. . I f)R OR 5., 6?4 IN. TRIM =&” Om=s-y

u,bd~yc cearpema4ed

d a /.3 4 /.6 I 5/

e / /.o ..3 .65 4/5

P . — z -.4 .0 s 3/

$’4 3#a 4 .7—/ a 30 -?J’.s 3.0 0
b - /8 ~ _ ~ _ _ 2.0 __l_
o 9 .! Sgc .&i 35 @.o A7s o

6’

Figure 5.- Sheet for recordingdata from general test.

J.C).56JI-C NACA TANK SHEET+

SUMMARY SHEET FOR COMPLETE TEST

MODEL NO..- NAME 6fream/t>ed —DRG. NOS.

DESCRIPTION -f+@= mod) “f)’ed

TEST DATE jo!~ 7/37 DYN. CAL. .074 zf3 MOM. CAL. >Y-420

WINDAGE CURVE Casdcd r. ~“ COMP. AL o CHKO. @&G

test for plotting.
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Figure 7a.. Variationof CR with CV at
T=4°. CAparemeter.
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Figure 8.- Variationof CR and CM with
Tat Cv=2.6and 4.5.

CA parsmeter.
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Figure 7b.- Variation of CM with CV at
T=40. CA parameter.
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Figure 12.- Variation of thrust and resistance
with speed. Constructionfor ob-

taining time and distance to getaw~.
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Figure 11.- Variati2n of CL and CD of aerodynamic struc-

ture with trim of hull.


